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conducted	 at	 1250	 °C	 1250 °C	was	 applied	 to	 initiate	 diffusion	 and	 prevent	 grain	 growth.	 Thereby,	 a	 high	 density	 ceramic	 material	 with	 low-porous	 submicron	 structure	 was	 acquired.	 The	 effects	 of	 TiO2	 addition	 on
densification,	microstructure,	and	dielectric	characteristics	of	steatites	were	monitored.	The	thermal	stability	of	green	mixtures	was	tested	by	differential	thermal	and	thermogravimetric	analyses.	Changes	in	crystallinity	and















window’	[29].	During	this	period	the	most	of	the	residual	porosity	 is	eliminated.	For	this	procedure,	 it	 is	 important	to	obtain	the	critical	density	(at	 least	70%	of	the	true	density)	during	the	first	stage.	Thereby	a	network	of	grain
boundaries	anchored	by	joints	in	the	triple	points	is	created.	The	joints	have	higher	activation	energy	for	migration	than	the	grain	boundaries,	which	interrupts	the	grain	growth,	where	as	the	densification	is	not	affected	[30,31].
Despite	extensive	 researches	and	numerous	 literature	 reports	on	various	dielectric	ceramic	materials	 [32–39],	 a	very	 few	studies	are	 investigating	 the	possibilities	of	 low-cost	 steatite	production	 [16,17,21].	 In	 this	 paper,










Sample S1 S2 S1T S2T
Raw	material










Oxide,	% S1 S2 S1T S2T
SiO2 63.2 56.9 62.4 55.8
K2O 0.35 0.42 0.30 0.38
Na2O 0.48 0.40 0.42 0.37
Fe2O3 0.58 0.78 0.57 0.73
CaO 0.59 0.62 0.58 0.60
MgO 22.7 28.3 22.5 27.5
Al2O3 6.70 5.3 6.60 5.0
TiO2 – – 1.03 1.75






























temperature	range	from	1000	°C	1000 °C	to	1300	°C	1300 °C	[43].	The	 two-step	 sintering	procedure	with	 initial	phase	 set	at	1350	°C,	1350 °C,	and	 the	 sintering	holding	period	 conducted	 at	1250	°C	 1250 °C	enabled	 the	 formation	 of
predominant	protoenstatite	phase.	The	stable	enstatite	phase	was	accompanied	by	other	mineral	phases	detectable	only	in	traces.	Therefore	all	samples	based	on	the	first	mix-design	(i.e.	talc	–	kaolin	clay	–	feldspar)	regardless	of	the


















between	50	and	100	au	with	a	 lot	of	barely	detectably	peaks	 (approximately	25	au).	The	activated	sample	S160	(Fig.	1b)	 showed	a	higher	 intensity	of	 the	main	peaks	 (i.e.	320	au	and	130	au)	 in	 comparison	with	S1.	The	applied




















to	 the	 stages	of	 the	 talc	dehydration,	because	 talc	 is	 the	predominant	component	 in	 the	 steatite	mix-design.	Since	 talc	 comprises	both	adsorbed	water	and	hydroxyl	groups	 that	 constitute	 the	 space	 lattice	elements,	 the	present
structural	water	is	driven	off	in	three	steps:	115	°–200	°C;	350	°–500	°C,	115–200 °C;	350–500 °C,	and	600	°–1050	°C.	600–1050 °C.	These	changes	are	correlated	to	the	endothermic	peaks	on	the	talc	DTA	curve	[44].
The	first	region	of	the	DTA	diagram	illustrated	in	Fig.	3a,	located	between	20	°C	20 °C	and	200	°C,	200 °C,	is	characterized	by	a	noticeable	endothermic	effect	at	approximately	75	°C.	75 °C.	The	exact	peak	maximum	positions	are:
































During	 the	 third	 thermal	 region,	 TG	 curves	 of	 the	 investigated	 steatite	 mixtures	 showed	 differences	 due	 to	 variations	 in	 their	 mix-design.	 The	 samples	 S1	 and	 S160	 showed	 the	 two	 step	 mass	 loss	 in	 600	 °–1100
°C	 600–1100 °C	 interval.	 The	 mass	 loss	 registered	 from	 600	 °C	 600 °C	 to	850	 °C	 850 °C	was	 0.5%	 and	 0.4%	 for	 S1	 and	 S160	 steatite	 mixes,	 respectively.	 The	 change	 in	 the	 mass	 of	 samples	 detected	 from	 850	 °C	 850 °C	 to	 1100














enstatite	 polymorph	 –	 protoenstatite	 [18,20].	 Thereby	 the	 recorded	 particles	 predominantly	 correspond	 to	 the	 protoenstatite	mineral.	 This	 is	 in	 agreement	with	 the	 diffractogram	 recorded	 upon	 the	 two-step	 sintering	 (Fig.	 1a).
Protoenstatite	is	normally	characterized	by	relatively	massive	prismatic	crystals	[8]	which	is	endorsed	by	the	hereby	presented	microphotograph.	The	crystals	of	protoenstatite	can	also	exhibit	a	lamellar	or	fibrous	structure	[8].	 A



























Element Apparent	concentration k	Ratio wt% Element Apparent	concentration k	Ratio wt%
S1 S160
C 1.68 0.01677 15.52 C 3.54 0.03538 12.69
O 61.01 O 59.65
Mg 3.65 0.02423 7.07 Mg 15.30 0.10146 9.23
Al 1.00 0.00717 1.77 Al 4.30 0.03088 2.49
Si 8.08 0.06401 11.39 Si 30.71 0.24335 14.63
K 0.16 0.00133 0.15 Na 0.72 0.00302 0.46
Ca 0.15 0.00137 0.14 K 0.70 0.00594 0.23
Fe 0.58 0.00580 0.49 Ca 0.43 0.00383 0.16
Fig.	5	EDS	mapping	(left)	and	diagram	of	element	analysis	(right)	of	the	steatite	samples:	a)	S1;	b)	S160;	c)	S2	and	d)	S2T.
alt-text:	Fig.	5
Fe 0.84 0.00837 0.25
Zr 0.15 0.00153 0.21
S2 S2T
C 3.18 0.03185 12.23 C 2.68 0.02685 8.95
O 57.44 O 52.59
Mg 14.77 0.09796 10.32 Mg 6.42 0.04259 6.22
Al 1.23 0.00887 0.86 Al 0.44 0.00316 0.36
Si 26.43 0.20943 14.52 Si 10.57 0.08375 6.74
Ca 0.40 0.00356 0.14 Ca 0.19 0.00171 0.07
Fe 0.80 0.00804 0.31 Ti 55.15 0.55149 21.13
Ba 10.70 0.10024 3.90 Ba 10.70 0.10024 3.60














Sample Activation	time,	min εr tan	δ












































































































Your	article	 is	registered	as	a	regular	item	and	is	being	processed	for	 inclusion	in	a	regular	issue	of	the	journal.	If	this	 is	NOT	correct	and	your	article	belongs	to	a	Special	Issue/Collection	please	contact
k.mottram@elsevier.com	immediately	prior	to	returning	your	corrections.
Answer:	Yes,	the	article	is	a	regular	item	and	it	should	be	included	in	a	regular	issue	of	the	journal.
Query:
Please	validate	the	layout	of	Table	3.
Answer:	The	layout	for	the	Table	3	is	correct.
Query:
Please	type	the	full	funder	name	and	country,	plus	grant	IDs	in	the	text,	if	available.	Correctly	acknowledging	the	primary	funders	and	grant	IDs	of	your	research	is	important	to	ensure	compliance	with	funder
policies.	Have	we	correctly	interpreted	the	following	funding	source(s)	you	cited	in	your	article:	“Serbian	Ministry	of	Education,	Science	and	Technological	Development”,	“Serbia”?
Answer:	The	corrected	text	for	the	Acknowledgments	should	be	as	listed	here:	This	investigation	was	supported	by	the	Ministry	of	Education,	Science	and	Technological	Development	of	the
Republic	of	Serbia.	The	research	was	conducted	under	the	following	projects:	ON	172057	(Directed	synthesis,	structure	and	properties	of	multifunctional	materials)	and	III	45008		(
Development	and	application	of	multifunctional	materials	based	on	domestic	raw	materials	by	modernization	of	traditional	technologies).	The	authors	would	like	to	express	their
atmospheric	pressure,	J.	Eur.	Ceram.	Soc.	37,	2017,	2385–2390.
[39]	Z.	Xu,	H.	Qiang,	Y.	Chen	and	Z.	Chen,	Microstructure	and	enhanced	dielectric	properties	of	yttrium	and	zirconium	co-doped	CaCu3Ti4O12	ceramics,	Mater.	Chem.	PhysicsPhys.	191,	2017,	1–5.
[40]	W.	Holand	and	G.H.	Beall,	Glass	Ceramic	Technology,	2012,	John	Wiley	&	Sons,	ISBN:	978‐0‐470‐48787‐7(ISBN:	978-0-470-48787-7).
[41]	M.D.	Rigterink,	Microscopic	and	X-ray	investigation	of	some	steatite	bodies,	J.	Am.	Ceram.	Soc.	30,	1947,	214–218.
[42]	W.L.	Brown,	N.	Moromoto	and	J.W.	Smith,	A	structural	explanation	of	the	polymorphism	and	transition	of	MgSiO3,	J.Geol.J.	Geol.	69,	1961,	609–616.
[43]	J.R.	Smyth,	Experimental	Studystudy	on	the	Polymorphismpolymorphism	of	Enstatiteenstatite,	American	MineralogistAm.	Mineral.	59,	1974,	345–352.
[44]	M.	Wesolowski,	Thermal	Decompositiondecomposition	of	Talc:	Reviewtalc:	review,	Thermoch..Thermochim.	Acta	78,	1984,	395–421.
[45]	A.	Terzić,	L.	Pezo,	Lj	Andrić	and	M.	Arsenović,	Effects	of	mechanical	activation	on	the	parameters	of	talc	quality	for	ceramics	production	-	Chemometric	approach,	Compos.	B:	Eng.	79,	2015,	660–666.
[46]	A.	Terzić,	L.	Pezo,	N.	Mijatović,	J.	Stojanović,	M.	Kragović,	Lj	Miličić	and	Lj	Andrić,	„TheThe	effect	of	alternations	in	mineral	additives	(zeolite,	bentonite,	fly	ash)	on	physico-chemical	behavior	of	Portland	cement	based
binders“binders,	Constr.	Build..	Build.	.	Mater.	180,	2018,	199–210.
[47]	A.	Wiewiora,	S.	Sanchez-Soto,	M.	Avilos,	A.	Justo,	L.	Perez-Maqueda,	J.	Perez-Rodriguez	and	P.	Bylina,	Talc	from	Puebla	de	Lillo	Spain	I	-	XRD	study,	Appl.	Clay	Sci.	12,	1997,	233–245.
[48]	X.	Kuang,	X.	Jing	and	Z.	Tang,	Dielectric	loss	spectrum	of	ceramic	MgTiO3	investigated	by	AC	impedance	and	microwave	resonator	measurements,	J.	Am.	Ceram.	Soc.	89,	2006,	241–246.
gratitude	to	Dr.	Smilja	Marković,	Institute	of	Technical	Sciences	of	SASA,	Belgrade,	Serbia,	for	providing	help	with	the	thermal	analysis.
